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A Device that Has Traveled in Outer gpaee 

Low^Cost Embedded Npr^olatile 



High reliability 

- Charge storage in a nitride 
film- 

Narrow distribution of 
threshold voltages 
obviates the need for 
a "verify" operation to 
match distribution 
widths narrowly 

- Makes circuit design easier ~ 

Simple device struc- 
ture makes chips 
easier to manufacture 

- Expocted to be usable through 
the 0.1 generation - 

Low-cost embedded 
nonvolatile memory 
technology 

- Low-voltage write and erase 
npAr^tlnns achic»ved by the use 
of hot carrier injectiorv- 



Whjle MONOS (metal-oxide-nilride- 
oxide-semiconductor) is not a new non- 
volatile memory technology, il has not 
received much attention until recently. 
The floating gate technology has 
remained as ihc mainstream nonvolatile 
memory technology, mostly due to the 
MONOS data retention characteristics 
being inferior. However, MONOS' repn- 
laiion has begun to change over in recent 
years. 

Figure 1 compares the MONOS and float- 
ing jjatc device structures. As can be seen 
in figure 1. the MONOS name comes 
directly from the structure of the device. 
(In the US, silicon is used instead of metal, 
iiiid U is called SONO$-) hi M0N03, 
charge is stored in traps in the nitride 
layer» which is an insulator sandwiched 
between oxide layers, and this stored 
charge is used to record data- In the US, 
MONOS is used in satellites and spacc- 
Cral\ tliai wander for long periods between 
the planets- So why is it thnt MONOS* 
which is thought to have poor data reten- 
tion characteristics, is used in the hMbh 
environment of outer space, where they 
are constandy bombarded by liigli-energy 
particles? The reason lies in the structure 
and operating principles of the MONOS 



device. MONOS Ucvioes are actual highly 
stable and icliable devices. 
Recently, the idea of. storing 2 bits in a 
single memory transistor cell by using the 
features associated with storing charge on 
in the insulation layer in th* MONOS 
device hai? been proposed. Tlvs makes il 
possible for MONOS to be the highesi 
density nonvolatile memory technologyr 
and has resulted in increasing itUerest m 
this technology. Another point is that the 
limits of the floating gate ncnvolalile 
memoi-y tcclinology aie now in sight, and 
MONOS is seen as having the potential 
to be the next generation nonvolatile 
memory technology. Sony's researchers 
ul ready sec Iww MONOS can be aOapicd 
for use through the 0.1 \m feature size 
generation. Furthermore, Sony is now 
devclopiog MONOS as a key technology 
for product differentiation in Sony*s 
system-on-chip (SoQ business. 




■ Figure 1 lusONOS and Floating Gate Strvcaircs Comparison 
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M0N05 Device Structure and 
Operaling Principles 

As shown in figure 1, the MONOS 
structure consists of ONO film layers 
(oxide-nitride-oxide) between the sub- 
strate and the gate. While the nitride^ film 
trt the center of die ONO film hiyers is an 
iosulotoj-, dierft are laige numbers of traps 
located in (hat layer and it can capture and 
store charge. This layer can be made to 
function as a charge storing means by 
injecting and rejecting chai^ from these 
traps. 

There are two techniques for injecting and 
rojecling cbojr&e- Ono is ^ write and oraRo 
method in which electrons are mjected or 
rejected with Uninel current technique 
over Che whole area under the gate 
electrode as shown in figure 2. The other 
method uses hot carriers as shown in 
figure 3. The tunnel current technique 
achieves a larger number Oi' wriie/era&e 
cycles and assures high rcliabihly. In con- 
uast, die hot carrier method allows lower 
write and erase operating voltages to be 
used and achieves higher speeds. Lower- 
ing the operating voltage also leads to 



reduced manufacturing costs, and is 
effective for Onc-lime programming 
(OTP) and multi-time programming 
(MTP) products. Recently* the idea of 
MONOS devices that store 2 bits in a 
single memory transistor cell using this 
principle has pix)posed. I'hese are called 
NROM devices. 

High Reliability 

MONOS' main advantage lies in its 
stability aod 4urabitity. As shown in 
tigute 4, there is almost liiUe charge leak- 
age in MONOS devices even if there are 
defects in the extremely thin oxide Him 
between the nitride layer that stores the 
charge and the substrate. This is because 
charge is stored in an insulating film layer. 
In contrast, In the floating gate type 
device, all stored charge is lost if a defect 
is created at even one location. ITiis is like 
the shipbuilding technique in which lai-ge 
numbers of isolated chambei-R ai-e used. 
If a defect is opened in one» die area that 
is flooded is limited to that chamber. Tiiat 
is, even if a defect created between the 
substrate and the layer (nitride film) that 



stores the charge^ it is impossible for ail 
die charge storeid in the Insulating fdm to 
escape through that defect. In contrast, 
conventional floating gate ships (devices) 
would flood and sinK imtnediotely if even 
one defect appeared. Th\f. Is because the 
tloating gate, which stores the charge, is 
itself a conductor. This MONOS durabil- 
ity is tlie reason MONOS is used in ouier 
Kpaus, where devices are consUmUy t^otn- 
barded by high-energy particles. 
MONOS has another advantage. That 
advantage is that it leaks. U cannot be 
denied (hat tlus is the reason that MONOS 
is i^oc widely used. However, as our study 
of the MONOS structure has progressed, 
and wc hare hfikd more experience using 
MONOS, wc have come to realize the 
following. There is no sample-to-sample 
variation in the amotmt of leakage in 
MONOS devices. That is, all boats 
(devices) leak water at the same rate. This 
means that it is possible to predict when 
to get off the boat tn safety. That is, these 
boats are actually much safer than boats 
that appear solid but may actually 
rupture and sink at any time. 
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I Figure 2 MONOS Write and Erase Operations Using F-N 
Tunnel Current Injection Technique Conceptual 
Overview 
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Erasure using hot holes 
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I Rgure 3 MONOS Write and Erase Operations Using Hot 
Carriers InjecUon Technique Conceptual Overview 



r Figure 4 MONOS Features: Charge Docs not Escape 
even with Defects In the Otldie Layer 
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Narrow Threshold Voitage 
Distribution Obviates the Need for 
Operations to Narrow the Dlstraution 

Sony taken tho load in this area by 

crewiog the 4 Mbit MONOS test memory 
Chip showii in figure 5. {This device was 
announced ot the 2001 lEDM confer- 
ence.) Rgure 6 shows tlie accelerdlcd test 
results for the written thresliold voltage 
distribution retention characteristics. 
AUhougb the thi-esholH vnlragp; falls, iKc 
dislribuUoo does not break. Furthermore, 
as shown in table I. the width of the 
distribution itself is narrower, being ou\y 
1/3 ihai of the convemiotial floaring gate 
device, and thus is extremely well 
matched. Also. Ihe threshold voltage 
distribution does not break after 




repeated write and erase cycles. Figure 
7(a) shows the cliange in the width of the 
dislnbuuon wjlti wnong, and figure 7(b) 
shows that change with erasure. As you 
can see, the width of the disuibution docs 
not cihArtgt^ with thejie proceRses. fiven 
with repealed write and erase cycles* the 
distribution remains naiTow. (See figure 
8,) This is one of MONOS' superior char- 
aetcristics, and is 4 s»giiin«uii ailvaiilagij 
when designing memory circuits. In the 
conventional floating gate device, the 
threshold volujie distribution must be 
narrowed with an operation called 
"verify" during write and erase. This is a 
difficult ciituit operation and complicates 

circuit dc:>ign. The MONOS sttucturo 
may be able to obviate the need for ihis 
' Veil f y * * operation . 
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Device with a Simple Ease to 
Fabricate Structure 

Another sifinificant feature of the 
MONOS structure is the simplicity of Uiat 
structure. Figure 9 shows the cross sec- 
tion of a MONOS device imaged with a 
transmission electron microscope (TEM). 

At first look, it appears to be id<&ntical to 
an ordinary MOS transistor. Sony already 
sees the way to use Uiis structure in 0.) 
urn generation devices. The simplicity of 
this structure is also extremely important 
for embedding these devices in larger 
chips. This is because the simpler the 
structure the fewer the additionsit fabri- 
cation steps required for embedding. If 
only MONOS transistors are added, only 
2 or 3 mask steps need to be added. Nor- 
mally^ embedding other types or nash 
memory requires an addilional 6 or 7 
masks. This is because these other devices 
require that the tiigh-voltage uansistors 
that handle the high voltages required for 
write and ei^ase operations must be cre« 
ated separately. 



■ Figures 4 Mbit MONOS Test Chip ■ Figure 6 



4 NIbit MONOS Test Chip Memory 

Retention Char»clerlsl!cs 



(a) Write charBcteristics 




(O) Erase characteriatics 
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I rigure 7 Write and Erase Characteristics of MONOS 
Threshold Voltage Distribution 



I Table 1 MONOS and Floating Gate 
Threfihold Voltage DiBtributlonB 
Comparison 



Standard devimion (V) 

Standard deviation in MONOS is about 1/3 

{1] K Yoshdovra. €1 bL, mOM92, p.Si)S 0992). 
[Zi R,Shift)ta, NV$MW 2000. p.Z2 (2000). 

[31 p.u.Roiantf , o« NVSMW aooo. p.75 (2000). 
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Low-Cost Embedded Nonvolatile 
Memory Technology 

If nonvolatile memory could be embed- 
ded with only the addition of 2 or3 masks, 
that is, with only a cost increase of about 
10% over that of the original chip, we 
could CApcct a large demand for OTP and 

MTP appUcfltions. Aiuithcr way of look- 
ing at this would be that low-cost embed- 
ded nonvolatile memory technology 
wotild Junction as a product differentia** 
tion iL-chnology. Specific examples that 
would be possible include inclusion of 
embedded nonvolatile memory in the 
cazncra processor IC that forms, atong 

with the CMOS Image sensor, a camera 
module, in a GPS module that fits in a 
Memory Stick slot, or in a camera 
module interface chip, <$ee figure JU-> 



Other applications where this would be 
useful include the pragrammable imped- 
ance matching circuit used in high-preci> 
sion D/A converters and higb-precision 
power supplies and the recording of data 
used fnr chip aiirh«ntici»tion 
Sony is now studying the possibility of 
reducing the MONOS write and erase 
voltages to reali/.e low-cost embedded 
nonvolactle memory technology using 
only 2 or 3 additional masks. Sony is 
attempting to reduce the voUa^s required 
by switching from the use of F-N tunnel 
current, which requires 12 to 14 V for 
write and era^se, to a technique that uses 
hot cai-riers. Rgure 1 1 (a) shows the write 
chomctcnstics whcu cluumul liui clcuutju^ . 
are used, and figure 1 1 (b) shows the erase 
charactetistics using hot hole injection. 
With absolute voltages around 5 to 6 V, 
these techniques can achieve fully 



adequate write and erase operations. 

Future Developments 

Sony is making progress on embedding 
MONOS nonvolatile memory in a D.I S 
pm CMOS process. Wc are working on 
creating new applications and expect to 
reUa^e products u^ing this technology 
during 2003. 

This one process is not the only process 
that requires embedded nonvolatile 
metnory. I'o take maximum advantage of 
this newly-developed technology, Sony 
plans to apply it in as many processes as 

pO-^^.-iihlc. We: think thai MONOS' 
Stability and durability wilt make this 
easy. 

Keep your eye on Sony's low-cost non- 
volactle memory technology. 
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I Figure 8 4 Mbit MONOS Test Chip 
Endurance Ctiaracteristtcs 




(a) Channel hot atedron injection wrile c+iaractsristlcs 



I Figured T£M l^hotograph tor 
UQNQS Memory Transistor 
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(b) Hot hole injection eraso characterisikjs 
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I Figure 10 Embedded MONOS Applications 



I Figure 11 Characteristics of the Embedded 
Lov^Voltage MONOS Memory Cdl 
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